The effects of n-3 α-linolenic acid-rich perilla oil (P-oil) or n-6 linoleic acid-rich corn oil (C-oil) and indomethacin (IM), either alone or in combination, were examined in a rat medium-term multiorgan carcinogenesis model. Male F344 rats were given N-diethylnitrosamine (DEN), N-methyl-nitrosourea (MNU), N-butyl-N-(4hydroxybutyl) nitrosamine (BBN), N-nitrosobis (2-hydroxypropyl) amine (DHPN) and 1,2-dimethylhydrazine (DMH) during the initial 4 weeks as initiators. This was followed by additional of 10% each of P-oil or C-oil to each their diet, alone or with IM 40 ppm in their drinking water for, 32 weeks. The animals were sacrificed at week 36, and proliferative lesions in major organs, such as the liver, kidney, lung and colon, were examined histopathologically. IM significantly lowered the multiplicity of colon tumors. P-oil tended to lower the incidences and multiplicities of colon tumors while C-oil tended to increase them. Additional treatment with IM caused further decreases in animals receiving P-oil, but the effect was less than additive. In the C-oil group, additional treatment with IM nullified its enhancing effect. In the lung, C-oil weakly increased the incidence and multiplicity of lung tumors. However, this was again suppressed by additional treatment with IM. While perilla oil and IM alone did not influence lung and renal carcinogenesis, their combination again enhanced carcinogenesis in the lung and kidney. In the liver, P-oil or C-oil alone significantly decreased the number and/or area of GST-P positive foci, while additional treatment with IM tended to nullify the decrease. These results suggest that IM exerts different modifying effects in the presence of different fats in the diet. (J Toxicol Pathol 2007; 20: 245-252) 
Introduction
The correlations between intake of a high fat diet and risk of breast and colon cancer are well documented for humans 1, 2 . Mortality from these tumors is lower in the populations of some Asian countries and in Alaskan and Greenland Eskimos, whose intake of fat is low or largely from fish, compared with the populations of Northwest Europe and North America, whose intake of animal fat is high 3, 4 .
Perilla oil and fish oil contain appreciable amounts of n-3 polyunsaturated fatty acids (PUFA), α-linolenic acid (C18:
3) and eicosapentaenoic acid (EPA) or docosahexaenoic acid (DHA), respectively, and α-linolenic acid can be converted to EPA (C20: 5) or DHA (C22: 6). Recently, much attention has been paid to such n-3 PUFAs for the prevention of carcinogenesis. Studies in animal models have shown that n-3 PUFA-rich fish and perilla oils, as well as purified DHA and EPA, can suppress chemically induced colon and mammary gland carcinogenesis [5] [6] [7] [8] [9] [10] . Fish oil has been reported to suppress colorectal cell proliferation, while n-6 linoleic acid-rich oils enhance colorectal cell proliferation in humans [11] [12] [13] and colon and mammary carcinogenesis in rats 14, 15 . There are few reports on the effects of perilla and corn oils on carcinogenesis in organs other than the colon and mammary gland. Indomethacin (IM), a nonsteroid anti-inflammatory drug (NSAID), has been reported to inhibit chemical carcinogenesis in several animal models. In the postinitiation stage, IM has been shown to suppress carcinogenesis of the colon 16, 17 , small intestine and lung 18 , tongue 19 , mammary gland 20,21 and brain 22 in rats. In the mouse, it inhibits esophagus carcinogenesis 23, 24 , TPAinduced promotion of skin carcinogenesis 25 and corn oilinduced promotion of mammary carcinogenesis 26 . A generally accepted mechanism of action of NSAIDs and n-3 fatty acids is the inhibition of cyclooxygenases (COXs), the rate-limiting enzymes that catalyze the formation of prostaglandin precursors from arachidonic acid. Prostaglandins play a role in the control of cell proliferation 27, 28 .
The purpose of the present study was to examine the modifying effects of perilla and corn oil on carcinogenesis in the major organs alone or in combination with IM using a multiorgan carcinogenesis model 29 .
Materials and Methods

Animals
A total of 155 male F344 rats, were obtained at the age of 5 weeks from Charles River Japan, Inc., Kanagawa, Japan. They were randomly divided into 6 groups of 20-21 animals each and six groups of 6 animals and were housed 2 or 3 to a plastic cage with hardwood chips for bedding in an air-conditioned room at 24 ± 2°C with a 12 h light/dark cycle. They were maintained on Oriental MF basal diet (Oriental Yeast Co., Tokyo, Japan) and tap water ad libitum.
Chemicals
Indomethacin (IM), N-diethylnitrosamine (DEN), Nmethyl-nitrosourea (MNU), N-butyl-N-(4-hydroxybutyl)nitrosamine (BBN) and 1,2-dimethylhydrazine (DMH) were obtained from Tokyo Kasei Kogyo Co., Ltd., Tokyo, Japan. N-nitrosobis (2-hydroxypropyl) amine (DHPN) was obtained from Nacalai Tesque Inc., Kyoto, Japan. Perilla oil was obtained from Sugiyama Yakuhin Co., Nagoya, Japan, and corn oil was obtained from Nihon Shokuhin Kako Co., Shizuoka, Japan.
Oils were incorporated into powdered basal diet (Oriental Yeast Co., Tokyo, Japan) containing 5.1% corn oil using cake mixture. Diets were prepared once per week and were stored in a dark room at 4°C in a refrigerator. The fatty acid compositions of the oils are shown in Table 1 .
Treatment
The animals were given a combined treatment comprised of a single i.p. administration of 100 mg/kg body weight DEN at the commencement of the study, four i.p. administrations of 20 mg/kg body wt. MNU (on days 3, 6, 9 and 12), four s.c. administrations of 40 mg/kg body wt. DMH (on days 14, 18, 22 and 26), 0.05% BBN in their drinking water for 2 weeks and 0.1% DHPN in their drinking water for 2 weeks during the initial four week period for wide spectrum initiation.
Starting three days after completion of carcinogen exposure, the animals were given the basal diet alone, diet containing 10% perilla oil alone, 10% corn oil alone, 40 ppm IM in their drinking water alone, 10% perilla oil plus 40 ppm IM or 10% corn oil plus 40 ppm IM. The dose of IM was selected on the basis of a previous chemoprevention experiments as the highest dose without side effects, including ulceration in the gastrointestinal tract 30 . The additional six groups of 6 animals each were similarly treated with IM, perilla oil and corn oil, either alone or in combination, or with basal diet alone without carcinogen exposure.
The animals were weighed once each week after cessation of carcinogen treatment until the end of the experiment. Those that died during the experiment period were autopsied, and rats becoming moribund were also euthanized for autopsy. The animals that survived for 18 weeks, when the first tumor appeared, were included in the effective numbers. All survivors were euthanized under ether anesthesia at the end of week 36 and were subjected to complete autopsy. Blood samples were drawn into the tubes containing IM and EDTA-2Na. They were centrifuged at 3000 rpm for 10 min in 4°C, and the sera were stored at -80°C until measurement of PGE 2 . The level of PGE 2 in the serum was measured by radioimmunoassay (RIA), which was carried out using a Prostaglandin E 2 125 I kit (NEN Life Science Products, Boston, MA, USA) at SRL Co., Ltd., Tokyo, Japan. Livers and kidneys were weighed. Neutral buffered formalin solution was injected into the lungs, esophagus, stomach, intestines and urinary bladder. Samples of the following tissues were collected for histopathological examination: one section from each lung lobule, three sections from the liver, two sections from the esophagus, four sections from the urinary bladder and one section each from the other organs. Swiss roll preparations were made from the large and small intestines. In addition, two sections each were cut from liver and fixed in ice-cold acetone for immunohistochemical staining of glutathione Stransferase placental form (GST-P). The tissues were processed routinely for histopathological examination. GST-P positive liver foci were measured with the aid of an image analyzer (Olympus VIP-21C). The Student's t-test and Fisher's exact probability test were used for statistical analysis of the data.
Results
The average final body weights of the animals undergoing initiation were 332-358 g, and significant increases were observed in the groups treated with perilla oil + IM and perilla oil compared with the control group. Significant decreases in the relative liver weighs were observed in the perilla oil and corn oil groups compared with the control group (Table 2 ). There was no evidence of toxic effects, such as ulceration in the gastrointestinal tract, caused by IM.
The serum PGE 2 levels tended to decrease on treatment with IM but were increased by perilla oil and corn oil compared with the control level (Table 3 ). These latter increases tended to be diminished to the control level with the addition of IM (Perilla oil +IM; Corn oil +IM). However, no significant differences were observed between the values (Table 3) .
The histopathological findings for colon tumors are summarized in Table 4 . IM treatment alone significantly reduced both the incidences and multiplicities of total tumors in the large intestine. Perilla oil tended to decrease the incidence and multiplicities of adenomas, carcinomas and total tumors compared with the control group. Perilla oil in combination with IM significantly decreased both the incidence and multiplicity of adenomas in comparison with perilla oil alone. However, strict summation or synergism was not observed. Corn oil tended to increase both the incidence and multiplicity of adenomas, carcinomas and total tumors compared with the control group. The multiplicity of adenomas was significantly decreased in the IM + corn oil group compared with the corn oil alone group.
The histopathological findings for the lung are shown in Table 5 . In the IM and perilla oil alone groups, no significant alterations of the incidence or multiplicity of adenomas and/or carcinomas were observed. However, the combination of IM and perilla oil caused a significant increase in the multiplicity of lung tumors. A tendency for increase in lung tumor formation was also observed in the corn oil group, but reduction to the control level was evident with additional IM treatment.
The histopathological findings for the kidney are shown in Table 6 . Although we observed tendencies for decreases in the multiplicities of atypical tubules with perilla oil alone and of adenomas or carcinomas with IM alone, a significant increase in the multiplicity of renal cell tumors (adenoma and carcinoma) was observed with perilla oil and IM in combination. Corn oil with IM significantly increased the incidence of nephroblastomas.
No nodular lesions, such as HCC and adenomas, were observed in the liver during this study. Induction of GST-P positive foci is summarized in Table 7 . Treatment with perilla oil and corn oil alone significantly decreased the numbers and/or areas of GST-P positive foci, putative preneoplastic lesions of the liver, compared with the control group. However, additional treatment with IM tended to abolish the decrease in GST-P positive foci. No significant inter-group variation in the incidences of neoplastic or preneoplastic lesions was found in the thyroid, tongue, esophagus, forestomach, small intestine or urinary bladder, as shown in Table 8 .
Discussion
A whole organ approach has distinct advantages for evaluation of the chemopreventive effects of chemicals in rodents. In the present study, IM alone inhibited colon carcinogenesis and tended to inhibit renal carcinogenesis. Perilla oil alone tended to inhibit colon carcinogenesis and weakly inhibited hepatocarcinogenesis based on the data for GST-P positive foci. Additional treatment with IM caused further inhibition of colon carcinogenesis in animals receiving perilla oil, but the effect was less than additive or synergistic. Although corn oil alone slightly enhanced colon carcinogenesis, additional treatment with IM abolished its weak enhancing effect. Corn oil also tended to enhance colon and lung carcinogenesis, while it tended to inhibit k i d n e y c a r c i n o g e n e s i s a n d w e a k l y i n h i b i t e d hepatocarcinogenesis as evaluated by GST-P positive foci. Enhancement of lung carcinogenesis by corn oil was suppressed by additional treatment with IM, whereas, inhibition of weak hepatocarcinogenesis was diminished by IM. While perilla oil and IM alone did not influence lung and renal carcinogenesis, their combination enhanced carcinogenesis in the lungs and kidneys. Previously, IM at a dietary dose of 20 ppm was found to inhibit colon and lung tumor development in a rat multiorgan carcinogenesis model 18 . In the present study, 50 ppm IM inhibited colon carcinogenesis but it did not inhibit lung carcinogenesis, the latter not being in accordance with the previous study 18 , suggesting the importance of the dose level with perhaps only a weak impact in the lungs. In the previous multiorgan carcinogenesis model 1 8 , renal carcinogenesis was not influenced by IM. IM has been shown to decrease kidney tumor multiplicity in the N-ethyl-N-nit rosourea (ENU)-induced rat tran spl acental carcinogenesis model 22 , and therefore IM may also have a weak inhibitory effect on renal carcinogenesis.
Perilla oil diet has already shown to inhibit rat colon carcinogenesis induced by DMBA or MNU [8] [9] [10] . Similar inhibition of colon carcinogenesis has been reported for n-3 DHA or EPA-rich 23.5% fish oil diet 5, 6 . Previously, 20% fish oil diet has been reported to inhibit Nnitrosodiethlamine (DEN)-induced hepatocarcinogenesis in Wistar rats 31 . Therefore, we further confirmed that n-3 fatty acid-rich diet possesses chemopreventive potential for carcinogenesis in the colon and liver.
Corn oil diet has previously been shown to enhance carcinogenesis in many organs. For example, 23.5% corn oil diet enhances colon carcinogenesis via upregulation of COX-2 expression 32 , and 20% and 23.5% corn oil in the diet promote lung carcinog enesis induced by 4nitroquinoline 1-oxide (4NQO) in mice 33 and induced by 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) in F344 rats 34 , respectively. In the present study, corn oil significantly increased the incidence and multiplicity of colon tumors and tended also to increase the incidence and multiplicity of lung tumors. Regarding the effect of corn oil on hepatocarcinogenesis, a 30% high fat diet including corn oil similarly enhances DEN-induced liver tumor (hepatocellular carcinoma + hemangiosarcoma) induction in rats 35 . Regulation of COX-2 has also been suggested to be involved in hepatocarcinogenesis, and several reports have documented that NSAIDs can inhibit the growth of hepatocellular carcinoma cell lines 36, 37 ; however, IM alone did not affect hepatocarcinogenesis in the present study. Therefore, the mechanisms underlying the weak suppression of liver carcinogenesis by corn oil should be elucidated further. In the present study, corn oil tended to inhibit renal carcinogenesis; however, previous work with a multiorgan carcinogenesis model 18 did not show that corn oil inhibits renal carcinogenesis, and little information is available on the effects of corn oil on kidney carcinogenesis. Therefore, w e c a n n o t c o n c l u d e t h a t c o r n o i l i n h i b i t s r e n a l carcinogenesis. Combination chemoprevention regimens can be utilized with the expectation of summation or synergic effects of the chemopreventive agents, with the potential for reduction of toxicity or side effects of individual chemicals by lowering the effective doses. Synergism in the reduction of the development of aberrant crypt foci in the colon has previously been observed with the combination of βcarotene and perilla oil 38 . However, in another study, IM in combination with dehydroepiandrosterone (DHEA) did not result in amplification of their beneficial influence 18 , and no increase in inhibition of 7,12-dimethylbenz[a]anthraceneinduced mammary carcinogenesis was observed by additional administration of butylhydroxytoluene or IM 39 . In the present study, perilla oil in combination with IM was expected to exert additive or synergistic inhibitory effects, especially on colon carcinogenesis. However, this was not the case, and in fact, significant promotion in the lung, a tendency for promotion in the kidney, and lack of inhibition in the liver were observed. The reason why additive or synergistic effects on colon carcinogenesis were not observed might be inhibition by IM through maximum suppression of COX. However, the mechanism responsible for the promotive effects observed with the combination of IM and perilla oil in other organs is unclear.
It was thought that corn oil in combination with IM might abolish the corn oil-induced enhancement of carcinogenesis by IM. In fact, enhancement of colon and lung carcinogenesis induced by corn oil was abolished by IM, while the tendency to suppress kidney carcinogenesis and nephroblastoma formation induced by corn oil was diminished by IM. In other organs, no consistent promotive or inhibitory effects were observed. These results suggest that mechanism for suppression on lung and colon carcinogenesis do not always exert suppressive effects on other organs, and much attention should be paid to the effects of IM in combination with different types of dietary oils.
The serum PGE 2 levels tended to decrease on treatment with IM and to increase with perilla oil or corn oil alone, with this increase being diminished to the control level by additional IM in the present study. The reduction of colon tumors was well correlated with the reduction of the PGE 2 levels of the groups recieving both perilla and corn oil in combination with IM. However, perilla oil in combination with IM promoted lung and kidney carcinogenesis, and corn oil in combination with IM diminished inhibition of liver carcinogenesis by corn oil alone in this study. Thus, an additional treatment of IM does not always result in suppression of carcinogenesis in the lung, kidney or liver.
There are several lines of evidence showing that inhibition of prostaglandin synthesis is not essential for the chemopreventive effects of NSAIDs [40] [41] [42] . Therefore, together with our present study, the mechanisms for suppression of colon carcinogenesis by IM may involve reduction of PGE 2 levels, but this may not operate in other organs. Thus, our results suggest that PGE 2 is involved in colon carcinogenesis but may not be involved in other organ carcinogenesis and that the PGE 2 level in the organ, but not in the serum, may be interpretative our results.
In conclusion, our present results suggest that IM exerts different modifying effects depending on the presence of different fats in the diet.
